Superfund, Hedonics, and the Scales of Environmental Justice

I. Introduction
The environmental justice (EJ) movement now occupies a prominent position in environmental policy. EJ is a core principle for thousands of grassroots environmental organizations, is the subject of a Presidential executive order and an office in the EPA, and recently served to frame how the nation viewed the tragic aftermath of Hurricane Katrina. This paper contributes to the research on environmental equity by (a) improving on traditional environmental justice research by incorporating results from economic analyses, and (b) presenting new evidence on the distributional equity of Superfund site locations at multiple scales.
Choosing the correct spatial scale for analysis continues to vex empirical EJ researchers.
The modifiable areal unit problem (MAUP), often simplified as a matter of aggregation bias, has resisted solutions to date. The approach taken here turns to the well-established hedonic price literature to identify appropriate scales of analysis. Linking these two literatures holds the promise of practically addressing one of the larger obstacles to advancing empirical EJ claims. The utility of hedonic analyses for EJ research is demonstrated on a comprehensive, nationwide dataset of Superfund sites at four (nested) geographic scales. The results add to the EJ literature by performing multi-scale analyses nationally as well as focused on a specific site.
II. Literature Review on Scale in EJ
The basic research question posed by most EJ studies tends to resemble the following: "Are environmental conditions worse (are risks higher, is enforcement laxer, etc.) for certain types of people?" Operationalizing this question is no straightforward matter, however, and researchers have taken numerous different paths (see Mennis 2002 for additional discussion). Perhaps the most common approach involves multivariate regression frameworks where the dependent variable, some measure of environmental conditions in a geographic area, is predicted using demographic, political, and economic variables for that area. Such an approach, using geographic areas as the unit of observation, is made easy by the recent prevalence of demographic and environmental data aggregated to Census boundaries.
1 The researcher's choice of geographic area, however, opens the findings to critiques of arbitrariness or worse (Sui 1999 , Bowen and Wells 2002 , McMaster et al. 2002 , Kurtz 2003 , Glickman 2004 ).
Moreover, identifying the correct scale for analysis may not even be conceptually possible (Anderton et al. 1994) . Consensus is lacking in the literature for a single, clear definition of the relevant unit of analysis. The boundaries around a group or community may not be clearly drawn (Kurtz 2003) , and finding the relevant spatial scale for measuring group or community exposures may not be possible. Long before the advent of "environmental justice," Robinson (1950) pointed out the problems of "ecological fallacy." He showed the perils of presuming that correlations observed at the aggregate level were shared by disaggregated units. Poorer counties may tend to have more pollution, but this does not necessarily mean that poorer people tend to have more pollution.
Environmental justice research is inextricably linked to matters of space and scale. From the earliest studies, which found evidence of injustice at county (US GAO 1983) and zip code (United Church of Christ 1987) scales but later failed to find similar evidence at tract (Anderton et al. 1994, Davidson and Anderton 2000) scales, the critical role of scale became apparent.
Since then, numerous studies have explicitly acknowledged the importance of the choice of scale and sought to address it. Fotheringham and Wong (1991) note that, in a bivariate analysis, correlations should rise with the scale of aggregation, given stable covariance.
Yet these effects become unpredictable for multivariate analyses.
Many authors in the recent EJ literature express intuitions and expectations about the effects of scale choice, providing a nice contrast with Fotheringham and Wong's (1991) pessimism about identifying predictable effects (especially for multivariate analyses).
These expectations are summarized in Table 1A below. Maantay (2002) links the contradictory results in the literature to the choice of scale of analysis and traces this to the MAUP. Maantay seems to prefer smaller scales because they yield more accurate and reliable indicators of EJ, owing to the greater within-unit variance at larger scales. Glickman (2004) leans the other way, at least in his application. Cutter et al. (1996) claim that correlation coefficients should increase with scale, implying stronger evidence of injustice at large scales. Hockman and Morris (1998) Several studies provide empirical evidence of the effect of scale choice. Although Ringquist (2005) identifies scale choice as a major source of contention in the literature, his meta-analysis finds little evidence of systematic aggregation bias.
Others have conducted EJ studies at multiple scales. Using multiple scales for the same scope (in space and time), and the same statistical methods, allows the sensitivity of results to be directly measured. 2 For examples of this research, see Anderton et al. (1994) , Bowen et al. (1995 ), Cutter et al. (1996 , Sui (1999) , Taquino et al. (2002) , and Dolinoy and Miranda (2004) . Their findings are also summarized in Table 1B below. In total, while the conventional wisdom may be that effects get stronger as scale increases (Table 1A) , the empirical evidence on the matter is quite mixed (Table 1B) . et al. (1996) Correlations ↑ Hockman and Morris (1998) Correlations ↑ Sui (1999) Correlations ↓ Due to scale effects Sui (1999) unknown Due to zoning effects Maantay (2002) Reliability ↓ Maantay (2002) Accuracy ↓ Dolinoy and Miranda (2004) Exposures ↓ Ringquist (2005) Correlations ↑ Aggregation bias Anderton et al. (1994) Correlations ↑ Multi-scale study (only tract vs. tract-plus-adjacent-tracts) Glickman (1994) Race correlations ↑, income correlations ↓ Multi-scale study Cutter et al. (1996) Correlations ↑ Multi-scale study Sui (1999) Race correlations ↑, income correlations ↓ Multi-scale study Sheppard et al. (2002) Income correlations ↑ Multi-scale study Taquino et al. (2002) Income correlations ↑, no effect for race Multi-scale study Dolinoy and Miranda (2004) Pollock and Vittas 1995 , Been and Gupta 1997 , Taquino et al. 2002 , Yandle and Burton 1996 , Anderton et al. 1994 , Hockman and Morris 1998 .
While studies that employ environmental modeling to spatially portray environmental conditions in greater detail are growing more popular in the EJ literature, this paper proposes a different approach. Rather than rely on sophisticated models of environmental transport or plumes, market data can provide alternative measures of the spatial extent of environmental hazards. Property markets reflect the impact of environmental disamenities via sales prices. Such market representations of impacts may not match perfectly with more strictly geophysical environmental models. Yet they should capture at least the risks as they are perceived by residents (i.e., those possibly suffering from the injustice) rather than risks as estimated in an expert's assessment.
Moreover, price effects can capture the full impact of a particular disamenity, including aesthetics or congestion or other attributes not included in a strictly geophysical model. Gayer et al. (2000) find that a housing market reflects Superfund sites risks quite accurately. Letting property markets inform researchers as to the spatial extent of impact of environmental hazards offers an objective guide to EJ researchers in choosing the spatial scale for their analysis.
III. Literature Review on Hedonics and NPL
Hedonic price method studies can help address one of the more vexing problems in EJ research: the choice of spatial scale. For many environmental hazards, numerous hedonic price studies have revealed considerable information about the spatial extent and scale of impact. Hedonics employs statistical analyses to identify how much variation in sales prices are attributable to different features of the property (e.g., lot size, number of rooms, distance to an amenity). Price effects have been measured for environmental disamenities commonly discussed in the EJ literature, such as landfills (e.g., Hite 2001 , Nelson et al. 1992 , TSDFs / RCRA sites (Thayer et al. 1992 , Industrial Economics 2000 , and air quality (Smith and Huang 1995; Boyle et al. 2001 , Smith, et al. 2004 ). This paper explores another area popular in both EJ and hedonic literatures:
Superfund National Priorities List (NPL) sites.
Of interest here are studies that identify when the price effects of proximity to NPL (or other hazardous) sites fade to zero. Table 2 reviews 14 studies that use the hedonic price method to measure the effect on property prices of distance to an NPL or other hazardous waste site. 3 Table 2 reports the hazard(s) studied and, for NPL sites only, environmental media through which the risks are transmitted. The EPA tracks the contaminated media for NPL sites, whether it is air (A), water (W), soil (S), other (O), or some combination.
4 Table 2 also reports the maximum distance at which the site(s) affects property values, 3 One of the early economic studies found that a hazardous waste site has to be located 10 miles away for a majority of suburban residents to accept the waste site without compensation (Smith and Desvousges 1986 ). This study is omitted here, because it does not use a hedonic methodology. 4 The "air" category includes only the air contaminated media type. The "water" category consists of contaminated groundwater, leachate, liquid, and surface water media. The "soil" category is composed of soil, debris, sediment, sludge, solid waste, subsurface soil, and surface soil. The "other" category contains other and residuals contaminated media. The contamination data for each site comes from the EPA's CERCLIS (EPA 2003) . Many sites have multiple contamination types.
and whether the distance is derived or assumed. 5 Most effects were found to dissipate within one to three miles; all results find price effects are indistinct after six miles. show property values rising between 1% and 6% per mile of distance.
IV. Data and Methods
To demonstrate the usefulness of using an economic approach to defining the scale of analysis, this paper conducts numerous conventional EJ studies for NPL sites. The hypothesis is that evidence of injustice is sensitive to the choice of scale. In addition, this paper identifies systematic patterns in evidence of injustice as scale and the characteristics of the hazard both vary. The second hypothesis tested is whether hazards typically associated with larger spatial impacts tend to exhibit unjust siting at different scales than more spatially confined hazards. In other words, the analysis tests whether evidence of injustice exists when the size of the footprint of a site corresponds to the scale of analysis, as revealed by the hedonics literature.
A conventional empirical EJ model is developed here. This lends comparability between our findings and those prevalent in the EJ literature. This analysis seeks to identify the sensitivity of commonly reported EJ evidence to the choice of scale and then to demonstrate how that sensitivity relates to the spatial extent of impacts as measured through property markets.
A logit model predicts the presence of a site using several covariates standard in the EJ literature. The dependent variable equals 1 if there is at least one site listed on the NPL as of the year 2002 in the areal unit, and zero otherwise. Similar approaches can be found in Anderton et al. (1994) , Been (1995), and Cutter et al. (1996) , among others. The control variable definitions and their summary statistics are in Population -Total population (in 1000s) of areal unit Urbanicity -Share of total population that is classified as "urban population" in areal unit Manufacturing -Share of employed population working in manufacturing jobs in areal unit Unemployment -Unemployment rate in areal unit Education -Share of total population in areal unit who have graduated high school Housing Value -Median housing value (in $1000s) in areal unit Black -Share of population identifying self as black or African American or Negro as primary racial classification in areal unit Hispanic -Share of population identifying self as Hispanic or Latino in areal unit, not mutually exclusive with Black Income -Median household income (in $1000s) in areal unit Identical analyses were performed at each of four different geographic scales: county, zip code, tract, and block group. Table 3 below shows descriptive statistics for the variables across different scales. All models include state-level fixed and random effects. The logit models were also estimated for subsamples of the NPL sites based on the media of their contamination. Dummy variables for four categories of contaminant media are constructed as air, water, soil, and other. Separate logit models for each media type can be interpreted as estimating the location-specific demographic characteristics for each type of NPL site. In this way, unjust siting conditions for different types of sites can be observed at different spatial scales.
V. Results
The results of the full sample logit models are summarized in Table 4 NPL sites are not distributed randomly with respect to demographics. Areas with greater proportions of blacks are more likely to have an NPL site, at all scales considered here.
Greater proportions of Hispanics are also positively associated with NPL site locations, but only at the smaller scales. Perhaps most interestingly, poorer areas are more likely to have NPL sites when those areas are small (i.e., tracts or block groups), but richer areas are more likely to have NPL sites when the scale is large. Overall, across the different scales of analysis, the evidence of justice is mixed. For blacks, the evidence points to consistent injustice. For Hispanics, however, the evidence points to injustice only at some scales. And, for the poor, the evidence switches across scales, demonstrating both justice and reverse injustice depending on the scale chosen.
The sensitivity of some of the evidence to spatial scale is particularly interesting in light of the conclusions of previous research (as summarized in Tables 1A and 1B ). Most authors expect that scale matters. For NPL sites in the U.S., however, the pattern in Table 4 contradicts the conventional wisdom among many geographers and others in the EJ field that injustice is more easily observed at large scales because demographic variance increases with disaggregation.
6 Authors like Cutter et al. (1996) and Ringquist (2005) expect EJ effects to be more pronounced at large scales. Table 4 indicates the strongest evidence of injustice at the block group and tract scales, weakening and sometimes even reversing at the larger scales.
The sensitivity of the results to scale highlights the importance of the researcher's choice of scale. The hedonic literature on NPL and hazardous waste can guide the selection of scale, however. Most studies identify that price effects of proximity to hazardous waste sites dissipate within 2-5 miles. Some studies find no price effects or even positive price effects, however, so this estimate does contain considerable noise. Nonetheless, if the 6 In our sample, notice that the variance of Black rises as the scale shrinks, but Hispanic and Income exhibit nonmonotonic variance changes. Moreover, significant effects tend to disappear at aggregated scales. This contrasts with a common view that variance tends to increase with disaggregation and that significant correlations then disappear at disaggregated scales.
common figure of three miles is used (Kiel and Zabel 2001, Kiel and Williams 2005), 7 this suggests the choice of zip code as the proper scale. This follows Glickman (2004) and Ringquist's (2005) recommendation to somehow match researchers' definitions of community to the actual area of environmental impact. In the sample, the median area of counties, zip codes, tracts, and block groups are 598.5, 22.8, 2.0, and 0.5 square miles, respectively. The footprint of a site likely extends well beyond the boundaries of the block group that it sits in, whereas the county may contain considerable area that is completely unaffected by the site. Tracts are also likely to be too small to capture the extent of the NPL site. Using this approach, the zip code scale suggested by the hedonic literature exhibits some evidence of injustice.
Extending this approach further, Table 5 provides a summary of additional estimations of logit models that predict the presence of NPL sites by media. Separate estimations are performed for air, for water, for soil, and for other sites. The results are given for the race and income variables only, while the control variables are omitted from the table for brevity. Table 5 reveals several patterns. For air-polluting NPL sites, injustice appears with respect to race at small scales only. The sign on the effect of Hispanic changes and becomes significant at the county scale. In addition, income is only significant at the county level. At this largest scale, wealthier and less Hispanic counties are more likely to have air-related NPL sites. For water-related sites, injustice with respect to blacks appears below the county scale, with respect to the poor below the zip code scale, and 7 Cameron et al (2005) use a 7.5-mile radius, beyond which they assert price effects are unlikely.
with respect to Hispanics at the tract level only. Soil-related sites are more likely to be found in more black areas (when the area is smaller than county) and in poorer and more
Hispanic areas (when the area is smaller than zip codes). The effect of Hispanics, however, reverses at the county scale -where Hispanics are less likely to be in counties with soil-polluting NPL sites. For "Other" sites, Black is positively associated with the probability of hosting an NPL site at any scale. While injustice appears for Hispanics at scales below the county scale, the results for income again mixed. sites, it appears that minorities and the poor are disproportionately exposed to soil contaminant NPL sites. For water contaminant sites, the evidence is much more mixed.
The significance and even the sign of the effects for Hispanic and Income depend heavily on the scale chosen. Overall, the evidence of injustice for particular types of NPL sites is roughly comparable to the evidence of injustice across all NPL sites. Logit analyses at small scales support the injustice hypothesis, whereas these effects vanish and reverse at larger scales.
VI. Discussion
Evidence of environmental injustice varies substantially across geographic scales. Evidence at both scales for all three variables suggests environmental injustice around South Cavalcade NPL site. For instance, the mean percent black in block groups or tracts within the buffer is 11.7% or 12.5%, respectively, greater than elsewhere in the county.
Median household incomes are $21,000 lower inside the buffer than outside. Using a logit model, the likelihood of a block group or tract being inside the buffer is positively associated with percent minority and negatively associated with income. The results for the difference in means and for the logit analysis all point to significant evidence of 8 4.76 miles is the distance threshold for that NPL site found by Kohlhase (1991) .
environmental injustice (except for percent black at tract level). The results are presented in Table 6 below. 
VII. Conclusion
This paper has reviewed the intractability and confusion arising due to the MAUP in the context of environmental justice. Political and legal imperatives will continue to demand EJ analyses despite these challenges. This paper proposes that an economic approach, the hedonic price method, offers useful guidance to a policymaker or administrator tasked with conducting an original EJ analysis. The hedonic literature for all manner of disamenities can be used to inform the choice of scale and geographic scope in environmental justice studies. It adds to the validity of the researchers' scale choice.
Such an approach might inform the choice of the zip code scale for an analysis such as in Table 4 . And, for EJ studies of a particular hazardous site for which results of a hedonic analysis are available, these findings can instruct the design of appropriate tests of
injustice. This approach is demonstrated in Table 6 .
A second way to use hedonic methods to improve empirical EJ analyses is examined in Section V. Here, results from an hedonic analysis of the South Cavalcade NPL site in Harris County, TX help identify which residents are in the impact zone of the hazard and those that are not. At least with respect to this sit, the evidence strongly supports the existence of environmental inequities.
A more ambitious approach is also suggested by this analysis. Given the technological advances in statistical and GIS software and the increasing availability of demographic data in many cities, hedonic estimates are increasingly easier to perform. To properly calibrate an environmental justice study, thereby reducing potential claims of bias, a policy analyst could estimate a simple hedonic regression to determine the extent of the spillover effects of a disamenity on property values. This information could then be used to inform an investigation of the extent of environmental injustice.
Public agencies are often faced with the difficult task of conducting objective analyses of complex problems, and environmental justice is surely no exception. Considerable heated debate surrounds the use of empirical evidence on this topic. Up to this point, surprisingly little practical guidance has been offered to agency officials, planners, or policy advocates, seeking to produce objective, valid measures of environmental justice.
This paper marks a step in this direction. It suggests that the mountain of hedonic research produced by urban and real estate economists can be used to craft more robust EJ studies. The hedonic approach lets behavior in housing markets indicate the scale and scope of a hazardous facility's impact. Armed with this evidence, the EJ researcher's task is greatly simplified in assessing environmental equity.
